Abstract The steady shear flow properties of bitter orange and pomegranate pastes and blend of two pastes including 0.5% Salvia macrosiphon (SMG) and L. perfoliatum (LPG) seed gums, two traditional Iranian hydrocolloids, were determined. All treatments exhibited shear-thinning behaviour. LPG added sample showed stronger shear thinning behaviour than the other due to its high molecular weight and intermolecular through hydrogen bonds and polymer entanglement. Ostwald model was found the best model to describe steady shear flow behaviour among different time-independent rheological model applied. Treatments including 0.5% these two seed gums indicated a flow behaviour index less than 0.6 and consistency coefficient raised by increasing concentration from 60°Bx to 76°Bx in bitter orange paste (from 0.55 Pa s n to 32.58 Pa s n ), pomegranate paste (from 0.55 Pa s n to 84.87 Pa s n ) and mix of these two pastes (from 0.64 Pa s n to 56.9 Pa s n ). Oscillatory shear data showed weak gel-like behaviour of bitter orange and pomegranate pastes treatments including seed gums with the elastic modulus predominating over the viscous one at lower frequency. However, after weak gel formation, G″ was higher than G′ in the frequency range of 0.01 to 10 Hz. An Ostwald model was used to describe the changes of viscose modulus with frequency. The results indicate that the elastic properties of bitter orange/ pomegranate paste and bitter orange paste may be increased by the presence of LPG and SMG due to associations of ordered chain segments of these gums, resulting in a weak three-dimensional network.
Introduction
Hydrocolloids which are high molecular weight hydrophilic biopolymer are broadly used in food systems due to thickening, gelling, texture modifying and stabilization properties. They improve functional properties like viscosity, water binding capacity and emulsion stability and also can be used to diverse physical, mechanical and sensorial functions of food. The demand for food hydrocolloids with specific functionality increased in last decade. Among commercial available gums, the hydrocolloids from seeds are of much importance due to their low price, easy extraction and availability .
Salvia macrosiphon had a great potential to produce mucilage, when small seeds soaked in water. Razavi et al. (2012) studied gum extraction from S. macrosiphon. The optimum condition was observed at pH 5.5, water to seed ratio 51:1 and 25°C. At the optimum condition, the S. macrosiphon powder contained 79.75% carbohydrate, 8.17% ash, 6.72% moisture, 2.84% protein, 1.67% crude fiber, 0.85% lipid. S. macrosiphon dispersion (1% w/v) indicated shearthinning behaviour, the consistency and flow indices ranged from 4.5 to 9.4 Pa.s and 0.32 to 0.37, respectively (Bostan et al. 2010) . L. perfoliatum is cultivated in some countries including Egypt, Arabia, Iraq, Iran and Pakistan (Koocheki et al. 2009b) . It is locally called Qodume shahri. Qodume shahri as herbal medicine in Iran, are widely used in the dry coughs, asthma, lung infection and demulcent treatments after soaking in water and extracting mucilage. The L. perfoliatum seed gum powder includes 88.23 % carbohydrate, 6% moisture, 4.6 % protein and 0.18 % ash. The hydrated L. perfoliatum seed gum exhibits non-Newtonian pseudoplastic behaviour and has thickening agent property in food industry (Koocheki et al. 2013) . However, there is no research in literature about the rheological properties of this gum in bitter orange and pomegranate pastes to date.
Understanding the rheological properties of food products influences on process equipment design such as pumps, heat exchangers, mixers, piping and evaporators (Mandalari et al. 2007 ). The rheological properties of fruits and vegetables are important not only for human diet formulation, but also for studying theirs rheological changes during harvesting and physiological changes after harvest and processing. A large amounts of fruit paste are produced commercially for direct consumption and as ingredient, e.g. fruit leathers (HosseiniParvar et al. 2010) . The rheological properties of many fruits such as kiwi juice concentrate (Ibarz et al. 1995) , banana puree (Guerrero and Alzamora 1997) , cashew juice (Morley et al. 2007) , and apricot-peach pulps (Houska et al. 1998 ) have been investigated. In general, pastes of fruits and vegetables mostly indicate pseudoplastic behaviour . Moreover, the various factors affecting rheological behaviour of fruits paste such as temperature (Oomah et al. 1999) , total soluble solids (Ilicali 1985) , particle size (Pelegrine et al. 2002) and pH (Dik and Özilgen 1994) are literature in various studies.
The current research, studies the impact of 0.5% of S. macrosiphon and L. perfoliatum seed gums on flow behaviour and rheological properties of each bitter orange (C. aurantium) and pomegranate pastes and the mixture of both pastes. Moreover, the dynamic rheological behaviour of these blends at two different concentrations (60 and 76°Bx) as a function of those seed gums were assessed.
Materials and methods

Materials
Pomegranate (Punica granatum L.) and bitter orange (C. aurantium L.) were purchased from a local market, Mashhad, Iran. The pomegranates did cut and pressed using fruit extractor (Bosch, MES3000GB, Germany) to extract the juice. Then, the extract (17.5°Bx) heated by stove (DE91GW109L, DeLonghi, Australia) to make a specific consistency (60 and 76°Bx) of thick paste, then cooled with tap water to 25°C in 30min . Moreover, the bitter oranges cut and extracted using a citrus juicer (MCP 3500, Bosch, Germany) and concentrated in direct heat at 96°C using a stove (DE91GW109L, DeLonghi, Australia) to reach from 13.5°Bx to 60 and 76°Bx. The bitter orange paste was removed from the heat and allowed to cool to 25°C for 30 min.
Gums extraction
S. macrosiphon seeds were provided from a local market of Sari, Iran. After manually cleaning the seeds from all foreign matter, the gum was extracted at optimum conditions as described by Bostan et al. (2010) . The dispersion was dehydrated overnight in forced convection oven (Model Memert UFB 400, Germany) at 50°C, then milled and sieved by a mesh 18 sifter. L. perfoliatum seed gum was dispersed in deionised water (water/seed ratio 30:1) under pH 8 and 48°C conditions. The seed-water mixture was mixed (1.5h) and dried in a conventional oven (45°C), then milled and sieved using a mesh 18 sifter (Koocheki et al. 2009b ).
Sample preparation
S. macrosiphon and L. perfoliatum seed gums solution were prepared by adding appropriate amounts of the LPG and SMG powder to a portion of deionised water. The bitter orange and pomegranate pastes samples were prepared by mixing 60 g of the pastes with 0.5% of LPG and SMG seed gums for 20min in laboratory PW overhead stirrer (Velp, Italy). These samples were kept in a refrigerator at 4°C for 24 h before further experiments.
Rheological measurement
For steady flow measurements, the rheometer was programmed at 25°C and equilibrated for 10 min following with a two-cycle programmed shear changing from 0.1 to 10 sec -1 in 5min (upward) and from 10 to 0.1 sec -1 in next 5 min (downward). Rheological parameters (shear stress, shear rate, shear viscosity, and other parameters) were obtained from the Rheoplus software (version 3.40; Anton Paar GmbH, Germany). Various rheological flow models based on shear stress-shear rate were tested. Among them, Hershel-Bulkley's and Ostwald-Waele's (Eqs. 2 and 3) were given better fitted.
The hysteresis loop was obtained from the area between the upward, and downward data. This area was obtained by the difference between integrating the area for forward and backward measurements from γ 1 (initial shear rate) to γ 2 (final shear rate):
where k, k′ and n, n′ are the consistency coefficient and flow index behaviour for forward and backward measurements, respectively. All rheological measurements were carried out using an advanced stress/strain controlled rheometer (Anton Paar physica MCR301, Austria), equipped with parallel plate geometry (diameter 50 mm, gap 1 mm) was applied to measure small-deformation oscillatory changes. For all the rheological tests, the temperature was fixed at desired temperature (25°C). Amplitude sweep tests in controlled shear stress (CSS) and controlled shear rate (CSR) modes were carried out for determining linear viscoelastic region (LVE) at 25°C and 1 Hz. Deformation was elevated from 0.1% to 100% in amplitude sweep. Frequency sweep tests were then performed, within the LVE (strain of 0.1%), in the range of 0.01 to 100 Hz, to characterize the mechanical spectrum of bitter orange and pomegranate paste blends. The storage modulus (G′), loss modulus (G″), complex viscosity (g*), and other parameters were recorded. Various rheological models based on steady flow behaviour and loss modulus-frequency were tested (Newtonian, Bingham, Casson, Ostwald and Herschel Bulkley). The best fitted models were Hershchel Bulkley and Ostwald-Waele's based on Rheoplus software (version 3.40; Anton Paar GmbH). Those model were calculated as following:
Herschel-Bulkley's model: where τ 0 is the yield stress (Pa), k is the consistency coefficient (Pa.s n ), and n is flow behaviour index for this model.
Ostwald-Waele's (Power law) model: Fig. 1 Comparison the apparent viscosity of 0.5 % S. macrosiphon (SMG) and 0.5 % L. perfoliatum (LPG) seed gums in bitter orange and pomegranate pastes blend. where k is the power law consistency coefficient (Pa.s n ) and n is the power law flow behaviour index.
Statistical analysis
All the experiments were carried out at least in triplicates. Rheological data and graphs were analyzed and data fitting by models was carried out by using Rheoplus software (version 3.40; Anton Paar GmbH) and statistical analysis by SPSS (version 16.0, Chicago, SPSS Inc).
Results and discussion
Flow behaviour determination
The apparent viscosity (ƞ) versus shear rate (γ) was applied to study the rheological behaviour of all treatments. Figure 1 shows that the variation is exponential and therefore they are non-newtonian fluids. Apparent viscosity of all the treatments decreased with increasing shear rate. The decrease in apparent viscosity with increasing shear rate can be explained by the pastes' structural breakdown because of hydrodynamic forces generated and enhanced alignment of the constituent molecules (Behrouzian et al. 2014) . Reduction in apparent viscosity facilitates high shear processing operations such as pumping and filling. Considering thixotropic properties of pomegranate paste mixed with bitter orange, the time dependency of pomegranate reduced. Thus, the observed shear thinning behaviour of the bitter orange/pomegranate pastes appears to be an intermediate behaviour between these two distinct flow properties. Samples containing LPG showed stronger shear thinning behaviour rather than those having SSG. This could be explained based on its high molecular weight, intermolecular hydrogen bonds and intramolecular interactions of biopolymers (Lee and Coates 2003) . Indeed, the concentration of polysaccharide in solution is known to affect directly the viscosity and the degree of pseudoplacticity. This is due to the higher solid contents which mostly cause an increase in the viscosity resulting from molecular movements (Maskan and Göǧüş 2000) . Koocheki and Kadkhodaee (2011) compared the apparent viscosity of LPG seed gum with other commercial gums. They reported that the viscosity of this gum was lower than guar, almost similar to xanthan and higher than that for locust bean. Steady shear flow properties at different temperatures and concentrations indicated higher viscosity, yield stress and strong shear thinning characteristics for SMG compared to commercial gums such as guar, xanthan and locust bean (Razavi et al. 2011) . Moreover, Razavi et al. (2014) determined the physico-chemical characteristic of SMG. Their results under steady shear rate demonstrated that strong shear-thinning behaviour and a typical a weak gel characteristic. The hysteresis area is an index of the energy per unit of time and per unit of volume needed to eliminate the influence of time in flow behaviour. It could be concluded that the calculated hysteresis area of pomegranate paste (76°Bx) with 29.48 Pa.s -1 had the biggest hysteresis loop, followed by bitter orange/pomegranate (50:50) (76°Bx), bitter orange (76°Bx), bitter orange containing LPG (60°Bx), bitter orange/ pomegranate (50:50) (60°Bx) containing 0.5% LPG, bitter orange/pomegranate (50:50) (60°Bx) containing SMG, bitter orange containing SMG (60°Bx), pomegranate (60°Bx), bitter orange/pomegranate (50:50) (60°Bx), and bitter orange (60°Bx) in that order (Table 1 ). According to Tárrega et al. (2004) , a high viscosity thixotropic fluid might show a larger hysteresis area than a lower viscosity one. As shown in Table 2 , a clear shear thinning behaviour was observed for all samples. As shear rate changed from 0.1 to 8, the viscosity decreased in bitter orange and pomegranate pastes samples. Such behaviour has been reported for many hydrocolloid in (Maceiras et al. 2007 ). The decrease in viscosity with increase in shear rate is mainly related to the disentanglement of macromolecular chains under shear field and breaking of possible structure in solution. Moreover, in specific shear rate, pomegranate paste (76°Bx) showed the highest shear stress, followed by blend of bitter orange and pomegranate pastes (76°Bx), bitter orange paste (76°Bx), samples with 0.5% LPG and those containing SMG.
In order to determine the presence of apparent yield stress and find out the rheological flow behaviour, plotting the obtained shear stress-shear rate data are required. On comparison of different models of flow behaviour of bitter orange, pomegranate and bitter orange/pomegranate (50:50) pastes, the two models (Ostwald and Herschel-Bulkley models) which have been extensively used in theoretical analysis and in practical engineering calculation, give a very good fit. Indeed, low values of R 2 show that the model is inadequate in describing the shear stress-shear rate relationship. Moreover, based on the physical criteria, estimated parameters of a model should not be negative. The most appropriate models for rheological behaviour of pomegranate and bitter orange pastes, with and without LPG and SMG seed gums along with their regression parameters are shown in Table 3 . Although Hershel-Bulkley model with yield stress indicated high R 2 in most of the samples, the extrapolated yield stress was negative; the results were near to zero. As mentioned above, the estimated parameters should not be negative, thus this model is not appropriate for prediction of their flow properties. Ostwald model showed a better fit for these samples. So that, n values for most of the samples are less than one which indicates pseduplastic flow behaviour. The shear-thinning behaviour of LPG and SMG seed gums added in pomegranate and bitter orange pastes, related to the modifications in macromolecular organization, represents an irreversible structural alignment that occur within such substance (Rha 1975) . Treatments including 0.5% these two seed gums indicated a flow behaviour index less than 0.6 which is an important factor in sensorial properties and food formulation. Hydrocolloids with low n value provide high viscosity, demonstrate pleasant mouthfeel (Szczesniak and Farkas 1962) . Moreover, K as a function of the dispersing medium and consistency coefficient raised by increasing concentration from 60°Bx to 76°Bx in bitter orange paste (from 0.55Pa.s n to 32.58Pa.s n ), pomegranate paste (from 0.55Pa.s n to 84.87Pa.s n ) and mix of these two pastes (from 0.64Pa.s n to 56.9Pa.s n ). Many other studies indicated that Ostwald model is the best model for describing the flow behaviour of the food hydrocolloids such as Qodume shirazi mucilage (Koocheki et al. 2009a) , salep (Farhoosh and Riazi 2007) and brown seaweeds (Rioux et al. 2007 ). Indeed, the knowledge of the true value of the consistency coefficient and flow behaviour index could be beneficial for the optimal design of food processing systems especially thermal processing.
Dynamic rheological behaviour
Small amplitude oscillatory shear tests afford the measurement of dynamic rheological functions, without altering the internal network structure of the samples tested and are far more reliable than steady measurement. Figure 2 illustrates the mechanical spectra of bitter orange and pomegranate pastes with and without LPG and SMG. The elastic modulus, G′ (Pa) values were higher than the viscous modulus, G″ (Pa) for lower viscosity (60°Bx), except pomegranate paste (60°Bx) at the frequency range 0.02 to 0.1 Hz. Both modulus increased with frequency. Such behaviour is an indicator of typical gel formation. In samples containing LPG and SMG, at lower frequency, G′ was higher than G″, and however, after weak gel formation G″ was higher than G′. Complex modulus is a useful property to quantify the flexibility or stiffness of a material or recoverable (elastic) or non-recoverable (viscous). Complex modulus of the bitter orange and pomegranate pastes including LPG and SMG is shown in Fig. 2 . The complex modulus of all treatments enhanced with increasing the frequency. Whereas, the dynamic viscosity (ƞ*) decreased with increasing frequency from 0.01 to 10 Hz (Fig. 3) . Moreover, a number of hydrocolloids such as galactomannans, CMC, and gum karaya lose their viscosity at low pH (Koocheki and Kadkhodaee 2011) . However, the viscosity of these two seed gums in compare with those gums which change molecular conformation and ionize mucilage carboxyl groups, did not affect so much at more acidic conditions. So, LPG and SMG could be appropriate hydrocolloids for acidic foods such as fruit purees, and pastes. In addition, G′ and G″ did not crossover each other in the frequency range studied for bitter orange pastes at both concentrations (60 and 76°Bx) and pomegranate paste (76°Bx) ( Table 5 ). G′ and G″ showed less dependency to frequency at low frequency, but had higher dependency to frequency at high frequency. Similar behaviour is well documented for isabgol and xanthan which generate weak gel networks by tenuous association of rigid, ordered molecular structures in solution (Robinson et al. 1991; Ross-Murphy and Todd 1983) .
As shown in Tables 4 and 5 , at lower frequency (0.1 Hz), pomegranate paste (76°Bx) with 36.69 Pa.s showed the highest complex viscosity, followed by mix of bitter orange/ pomegranate paste (76°Bx) with 24.61 pa.s, bitter orange paste (76°Bx) with 5.39pa.s, bitter orange paste containing 0.5% LPG with 4.435 Pa.s, blend of these two pastes (6°B x) containing LPG with 4.425 pa.s, mix pastes added SMG with 3.522 Pa.s, bitter orange containing SMG with 2.417 pa.s, pomegranate paste (60°Bx) with 0.318 Pa.s, mix pastes (60°Bx) with 0.254 Pa.s and bitter orange paste Table 4 The effect of S. macrosiphon (SMG) and L. perfoliatum (LPG) seed gums on dynamic rheological behaviour in bitter orange and pomegranate pastes blend . The tangent of phase angle (δ) (a ratio of viscous to elastic modulus) measures energy lost relatively to the energy stored in a cyclic deformation. A phase angle of 90°indicates that the material is fully viscous and a fully elastic material is characterized by phase angle value of 0°. For all samples phase angle values were in the range of 88.73-20.98 for lower frequency (0.1 Hz) and in the range of 89.59-65.71 at higher frequency (10 Hz), indicating that the treatments exhibited lower phase angle at low frequencies, but it increased slightly at higher frequencies, showing a higher contribution of the viscous component at higher frequencies. The phase angle values of the treatments including the two seed gums were lower than those treatments without LPG and SMG, meaning that they are more structured and more elastic gel-like compared to the gum free samples. From these results, it was found that those samples containing LPG, and SMG showed more solid-like behaviour than the control, indicating that they can reinforce the network structure of the bitter orange and blend of these pastes (Razavi et al. 2012) . The dynamic rheological modulii were fitted to Ostwald and Hershel Bulkley models. Linear regression of G″ vs. frequency was carried out for all treatment and magnitudes of slopes and intercept were computed. Regression parameters obtained are reported in Table 6 . It is evident from the table that viscous modulus-frequency data fitted the both models adequately. The magnitudes of k increased in treatment including LPG and SMG. So that, the highest k value in Ostwald model was attributed to pomegranate paste (76°Bx) with 84.87 pa.s. There was a substantial difference between the k value of the pomegranate and bitter orange pastes with and without LPG and SMG. The n value of the treatments was mostly lower than 1. The observed results indicate that the elastic properties of bitter orange/ pomegranate paste and bitter orange paste may be increased by the presence of LPG and SMG. Such elastic properties of samples containing LPG and SMG can merely be related to the associations of ordered chain segments of these gums, resulting in a weak threedimensional network (Razavi and Karazhiyan 2009) . 
Conclusion
It is well acknowledged that high viscosity of food hydrocolloid is one of the most important requests for food products. In this study, LPG and SMG behaved as non-Newtonian shear thinning fluid in bitter orange and pomegranate and combination of bitter orange/pomegranate pastes. The Ostwald model described the rheological behaviour of all samples as well. Because of their shear thinning nature, LPG and SMG seed gums could be suitable for applications as thickening agents, and further study should be done in order to thoroughly understand the potential of these gums in different foods and drinks which are our further objectives.
